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SUMMARY

Calponins have been implicated in the regulation of
actomyosin interactions in smooth muscle cells, cytoskeletal
organisation in nonmuscle cells, and the control of neurite
outgrowth. Domains homologous to the amino-terminal
region of calponin have been identified in a variety of actin
cross-linking proteins and signal transduction molecules,
and by inference these ‘calponin homology (CH) domains’
have been assumed to participate in actin binding.

We here report on the actin binding activities of the
subdomains of the calponin molecule. All three mammalian
isoforms of calponin (basichl, neutral h2 and acidic)
possess a single CH domain at their amino terminus as well
as three tandem repeats proximal to the carboxyl terminus.
Calponin h2 differs, however, from hl in lacking a
consensus actin-binding motif in the region 142-163,
between the CH domain and the tandem repeats, which in
h1 calponin can be chemically cross-linked to actin. Despite
the absence of this consensus actin-binding motif,
recombinant full-length h2 calponin co-sediments in vitro
with F-actin, suggesting the presence of another binding

site in the molecule. It could be shown that this binding site
resides in the C-terminal tandem repeats and not in the CH
domain. Thus, constructs oh2 calponin bearing partial or
complete deletions of the triple repeated sequences failed
to co-localise with actin stress fibres despite the presence of
a CH domain. Deletion of the acidic carboxyl terminus,
beyond the repeats, increased actin binding, suggesting that
the carboxy-terminal tail may modulate actin association.
Results obtained from transient transfections of amino-
and carboxy-terminal truncations in hl calponin were
consistent with the established location of the actin binding
motif outside and carboxy-terminal to the CH domain, and
confirm that the presence of a single CH domain alone is
neither sufficient nor necessary to mediate actin binding.
Instead, the carboxy-terminal tandem repeats ofil andh2
calponin are shown to harbour a second, independent actin
binding motif.

Key words: Calponin, CH domain, Localisation, Transfection, Basic
calponin isoformlfl), Neutral calponin isofornmhg)

INTRODUCTION

Partial sequence similarities exist between calponin and the
SM 22 family of smooth muscle proteins (Lees-Miller et al.,

The calponin (CaP) family of F-actin-, tropomyosin- and S1001987; Pearlstone et al., 1987), UNC-87, the bodywall muscle
binding proteins contains three genetic variants, a smoofprotein ofC. elegans(Goetinck and Waterston, 1994a,b) mp
muscle-specific variant terméd or basic CaP (Takahashi et 20, a protein fronDrosophilaflight muscle, np 25, a protein

al., 1988), a neutral variant of similar molecular mass termedf unknown function

identified in rat brain and an

h2 (Strasser et al., 1993) and an acidic variant (Applegate ghmunogenic protein of 45 kDa found in the parasite
al., 1994), which is not tissue-specific and that is particularifpnchocerca volvulugsee Gimona and Small, 1996 and
enriched in brain (Trabelsi-Terzidis et al., 1995). The threeeferences therein) as well as with a large number of CaP- and

variants share high sequence identity (>70%) within the firseM 22-related proteins (T. Stradal

and M. Gimona,

273 amino acid residues, but differ in their highly acidicunpublished). A region spanning residues 32 to 127 in CaP is
carboxy-terminal tail sequences (Takahashi and Nadal-Ginardlso present in a variety of molecules involved in signal
1991; Strasser et al., 1993; Applegate et al., 1994; Maguchi gansduction (Vav, IQGAP 1 and 2, Ras GAP-like protein,

al., 1995; reviewed in Gimona and Small, 1996).CaP has

human ORFP) and has been termed the ‘calponin homology

also been shown to interact in vitro with myosin (Szymansk{CH) domain’ (Castresana and Saraste, 1995). CH domains
and Tao, 1993, 1997), caldesmon (Vancompernolle et al., 1996hare about 30% sequence similarity with the actin-binding
Graceffa et al., 1996), desmin (Mabuchi et al., 1997), tubulidlomains (ABD) present im-actinin, filamin, fimbrin and

(Fujii et al., 1997) and phospholipids (Bogatcheva et al., 1995pectrin (Castresana and Saraste, 1995). Although the presence

Fujii et al., 1995).

of this domain has been used to ascribe an F-actin-binding
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function to the latter GAPs and GEFs (Hart et al., 1996; BrilRecombinanh2 CaP (1-305) and three carboxy-terminal mutations

et al., 1996), this region does not correspond to or overlap witli-262, 1-186, 1-161) were expressed as non-fusions at high levels in
the known actin binding domain &L CaP, which embraces E. coliand purified in a single chromatography step using an SP-
residues 142-163 (Mezgueldi et al., 1992, 1995). MoreovefliTrap cation exchange column (Pharmacia, Sweden). Lysates were
established actin-binding proteins that use the regio enerated by disrupting the bacterial cells in a French press as

. S . . .described earlier (Strasser et al., 1993), resulting in more than 85%
analogous to the CH domain for binding to F-actin contain thi f the expressed proteins in the soluble fraction. Soluble proteins after

domain in a tandem repeat and form parallel or anti-parallglenyifygation at 15009 were applied directely onto the SP column
dimers (Vandekerckhove, 1990; Matsudaira, 1991; Pollard g eluted with a linear 20 mM to 400 mM NaCl gradient. Purified
al., 1994), which thus contain multiple CH domains. Notablyproteins were then dialysed into the appropriate assay buffers for co-
IQGAP 1 has recently been demonstrated to exist as a dimsfdimentation.

which binds to actin (Bashour et al., 1997) and in the proto- ==

oncogene Vav the leucine-rich helix-loop-helix motif, ACtin binding assays . .
contained within the single amino-terminal CH domain, ha$©-sedimentation assays with smooth or skeletal muscle F-actin were
been implicated in dimer formation (see Romero and Fischel€'formed in a buffer containing 20 mM imidazole, 50 mM NaCl, 2

- Lo . - M MgClp, pH 7.0. Proteins at a molar ratio of 1:3 (recombinant
1996 for a review). Significantly, the loss of the amino-termina rotein:F-actin) were incubated at 25°C for 30 minutes and pelleted

region in Vav containing the CH domain activates they: 100000g for 30 minutes using an air-driven ultracentrifuge

transforming potential of the molecule (Katzav et al., 1991). (Beckman Instruments). Pellets were resuspended in the same buffer
Whereas hl CaP is believed to influence the in the starting volume.

contraction/relaxation cycle in smooth muscle by blocking the _ )

S1 binding site for myosin on actin (EL-Mezgueldi andCa_eII culture, transfection and immunofluorescence

Marston, 1996), little experimental data is availablehbCaP, ~ M'CrOSCOPY _ o

However, from the limited localisation data available, this CaP'IH 3T3 and REF 52 fibroblasts were grown in high glucose (4500

. . . . . -mg/l) DMEM supplemented with 10% FBS (Hyclone, Utah, USA),
variant has been implicated in the organisation of the actifi nicillin/streptomycin (Gibco, Austria) at 37°C and 5%:COells

X ; e
Cyt_oskeleton (Fukui etal., 1997) and it has been_suggested trg"iltYO% confluence were transfected using the Lipofectamine (Life
acidic CaP may play a role in controlling neurite outgrowthrechnologies, Austria) method in the absence (NIH 3T3) or presence
and govern neuronal regeneration (Ferhat et al., 1996). (REF 52) of serum, essentially as described (Gimona et al., 1995). For
In order to gain more insight into the functional significanceransient expression, cells grown and transfected on 12 mm coverslips
of the different domains of CaP, and in particular thewere screened 24 hours post-transfection by immunofluorescence.
involvement of the calponin CH domain in actin binding, weCells co-transfected with the plasmid pCDNA for the selection of
have transfected epitope-tagged constructslodindh2 CaP  stable cell lines were passaged after similar transfection times and
into fibroblasts and assayed for their association with F-actiff!lS resistant to 1 mg/ml G-418 and expressing the transfected

. - . -fransgene  were identified by western blotting. For
in cultured fibroblasts. We show that the single CH dOma''{]mmunofluorescence microscopy cells were cultured on 12 mm glass

present in C?‘P.a”d the Sequgnce-relatgd protgln SM 22 d%%erslips. Cells were washed three times in PBS (138 mM NacCl, 26

not cqnfgr bln_dmg to F-aptln in co-sedlme.ntatlon assays, Ghm KCl, 84 mM NaHPQy, 14 mM KHPQs, pH 7.4), extracted in

association with the actin cytoskeleton in cultured cellsg 79 PFA/0.3% Triton X-100 in PBS for 5 minutes. and fixed in 3.7%

Biochemical data using recombinant fragmenthibfandh2  PFA (Merck, Germany) in PBS for 30 minutes. Tagged CaP fragments

CaP and SM 22 support the cell biological findings and invere visualised using the anti-tag antibody and GaM-rhodamine

addition pinpoint the proximal carboxy-terminal tandem-secondary antibody (Jackson) in PBS. Monoclonal anti-HA (clone

repeat region as a new actin-targeting domain. 12CA5) was described (Gimona et al., 1995) and produced as mouse
ascites fluid at Cold Spring Harbor Laboratory (NY). Cy3-labelled

secondary fluorescent antibodies were from Jackson Laboratories

(Dianova, Germany) and FITC-phalloidin was a gift from Dr Faulstich

(Munich). Fluorescent images were recorded on a Zeiss Axiophot

) . microscope using a &3il immersion lens and Kodak P3200 or P400

Construction of plasmids Tmax film.

Standard protocols were used for all cDNA manipulations (Sambrook

et al., 1989). PCR reactions for each clone, using Taq DN/Alectrophoresis and western blotting:

polymerase, were performed using specifipimers containing an  Analytical SDS-gel electrophoresis on 8% to 22% gradient

Xbd site and corresponding-Brimers containing BanHl site, using  polyacrylamide mini-slab gels and western blotting onto

mouse uterull orh2 CaP DNA or mouse uterus SM 22 DNA cloned nitrocellulose (Amersham) was performed as described elsewhere

into the vector pMW 172 as a template (Strasser et al., 1993). A{Gimona et al., 1990). Transferred proteins were visualised using

calponin constructs were cloned in-fratdba to BanHI into the  horseradish peroxidase-coupled secondary antibodies and the ECL

pCGN expression vector containing the HA-tag sequence at-the Shemiluminescence detection system (Amersham).

end as described (Gimona et al., 1995). All tagged constructs therefore

represent amino-terminal fusion proteins. A stop codon was

introduced at the '3&nd of each clone and all constructs wereReSULTS

sequenced from both strands using a LI-Cor model 4000 automated

sequencer (MWG Biotech, Germany). Domains of calponin

Proteins For the purpose of the present study we have divided CaP into
Rabbit skeletal muscle actin and turkey gizzard mooth muscle actf®ur subdomains based on the data available fohheariant

were prepared from acetone powder according to Spudich and W4ftig. 1): (1) an amino-terminal CH domain (CH); (2) an actin-
(1971) and Strzelecka-Golaszewska et al. (1975), respectivelpinding site (ABS); (3) three 29-residue tandem repeats; and (4)

MATERIALS AND METHODS
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e — h2/1-161 - - Fig. 1.Domain structure of
mammalian calponin.
e E— e - .a. + . .
h2/131-305 nd Schematic representation of the
== ————— h2/166-275 n.d. + delineated functional and
q structural domains ihl
e —— h2/1-127 nd. = calponin (top) and the
L — h1/1-297 + + corresponding constructs ot
andh2 CaP, and SM 22 used in
1 I h1/1-228 + + this study. Primary domains are
the CH domain (CH), the actin
| — - d. + g~ . ! .
h1/131-297 " binding site (ABS), the adjacent
——— h1/164-273 n.d. + triple repeats and the carboxy-
_ _ terminal tail. The activities (+
N h1/1-127 or -) of the constructs in co-
- 5 SM22/1-201 - - sedimentation and stress fibre
association are summarised on
] SM22/1-134  nd. - the right. n.d., not determined.

a carboxy terminal tail. All three CaP variants display a high levelerminal truncations oh2 CaP as well as full-length SM 22
of sequence identity along most of the length of the moleculeyere additionally produced as recombinant, non-fusion
with the exception of the very carboxy-terminal residues, beyongroteins inE. coli for assays of actin binding in vitro.
the three repeats. In the regionhgf CaP corresponding to the o
actin binding motif inhl and acidic CaP (Fig. 2) there is, Actin binding
however, a cluster of several non-conservative amino aci@o-sedimentation assays using either skeletal or smooth
exchanges. Notably, three exchanges (A145S, R151IN amduscle actin demonstrated that, likd CaP, full-length
K156T) are unique for thB2 variant. Mutation of Alal45 has
been shown to strongly reduce the inhibitory activithbiCaP A B C D E F
on the actin-activated ATPase of myosin (EL-Mezgueldi et al.
1996) and Lys156 was identified as the residue most crucial fi
actin binding in chicker-CaP (Gong et al., 1993).

Truncated constructs d@fl andh2 CaP were generated as
indicated in Fig. 1, and among these constructs all carbox

S p|s p|s prls P|]s P|]S P

human h1 VKYAEKQERKFEPGKLREGRNI — - .
mouse hl VKYAEKQERRFEPEKLREGRNI . - —
human acidic VKYAEKQRRFDEGKLKAGQSV - -
rat acidic VKYAEKQ|TIRRFD|E|GK L K|A|G|Q|S V
human h2 V KY|SIEKQER|N|F DID/A|TIMK|A[G|Q|C G
mouse h2 V K YE KQE RF DD AM KIA[G[Q|C V h1/1-297 h2/1-305 h2/1-262 h2/1-186 h2/1-161 SM22/1-201
145 151 156 Fig. 3. Co-sedimentation assay. Coomassie blue-stained 8%-22%

polyacrylamide gel showing soluble (S) and pelleted (P) material
Fig. 2. The actin binding site in calponins. Comparison of the amino following high speed centrifigation at 100090Smooth muscle
acid sequences of CaPs in the region corresponding to the delineatedtin was incubated with either native porcine calponin (A) or
actin binding site (ABS) dfil CaP, spanning residues 142-163. Note recombinanh2/1-305 (B)h2/1-262 (C)h2 /1-186 (D),h2/1-161 (E)
that all exchanges but the A145S substitution affect charged residues. SM 22 (F). H1 anti2 CaP co-sediment with smooth muscle F-
Amino acid substitutions occurring only 2 CaP are highlighted actin, as does the carboxy-terminal truncatidril-262. By contrast,
by gray boxes. Sequence comparison adapted from Gimona and recombinant SM 22 and the tw@ constructs 1-186 and 1-161
Small (1996). remain in the supernatant.
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recombinanth2 CaP (2/1-305) and the fragmem2/1-262  terminus fromh2 CaP enhanced the actin association and the
lacking the acidic carboxyl terminus pelleted together with Feorresponding construdtiZ/1-262) decorated the entire length
actin after centrifugation at 1000@dor 30 minutes (Fig. 3A- of the stress fibres more homogeneously than the full-length
C). However, fragments?/1-186 anch?2/1-161 bearing further molecule (Fig. 6E). Further truncation of thi& CaP molecule
truncations at the carboxy-terminal end failed to co-sedimeritom the carboxyl terminal entiZ/1-186 andh2/1-161) almost
with F-actin under the same conditions (Fig. 3D,E). Similarlycompletely abolished the ability of the respective constructs to
full-length recombinant SM 22 (1-201) did not co-sedimentassociate with F-actin in transfected NIH 3T3 fibroblasts (Fig.
with either smooth (Fig. 3F) or skeletal muscle actin (no7A,C), although both constructs contained a complete CH
shown). The addition of smooth muscle tropomyosin to thelomain. Immunoreactive material was also accumulated
assay had no influence on the binding of either recombiant around and inside the nucleus.

CaP, h2 CaP or SM 22 (M. Gimona and P. Strasser, SM 22 was also diffusely localised in the cytoplasm (Fig.
unpublished). Increasing the ionic strength from 50 to 100 mME,F) with an additional strong fluorescent signal in the nuclear
NaCl did not alter the co-sedimentation behaviour of any ofegion. No stress fibre association of SM 22 was obtained in
the constructs. transiently transfected REF 52 cells nor in any of the 16

Expression and subcellular localization of hland h2
calponin

Western blot analysis using the anti-HA tag antibody
demonstrated that all constructs were expressed at low
intermediate levels (Fig. 4) in transfected NIH 3T3 or REF 5
cell lines. The migration of the expressed proteins matched tt
estimated molecular masses of the tagged constructs, taken
2 kDa heavier than the recombinant controls. Expression w
further analysed by western blotting of two-dimensional gel
containing whole-cell extracts of the various stable cell lines
The anti-tag antibody specifically recognised a single spot
the expected molecular size range and corresponding pl valt
In contrast to native smooth muscle CaP, we did not obsen
multiple spots on 2D-gels for any of the transiently or stably
expressing cell lines (Gimona et al.,, 1992; M. Gimona
unpublished observations).

Full-lengthhl CaP (1/1-297) was observed to decorate the
actin stress fibres of transiently transfected REF 52 cells (Fi
5A) as did the shorter construcd/1-228 (Fig. 5B) and
h1/131-297 (Fig. 5C), demonstrating that truncation of eithe
side of the actin-binding motif, involving in one case the
complete deletion of the CH domain, does not affect actil
association.

As for hl CaP, full-length acidic CaP (Fig. 6A) ah?2l CaP
(Fig. 6C) associated with the actin stress fibres of transient
transfected REF 52 fibroblasts, but were absent from the |
actin-containing lamellipodia at the cell periphery (see Fig
6C,D). In additionh2 CaP appeared to be more concentrate:
at the ends of stress fibers. Deletion of the acidic carbox

-
2 o SR 32
n N e = o oM N> ® NN '
S A B T
f? J ‘-l. l LB - ] [ ' L T -] 1 o] ol
T T T I R I R R I B - o |
S S a N dada""Aaa=a2 2
= &= =2 & & 2 & & &= &= = = wy wun
- —
- | Fig. 5.H1 CaP binds to stress fibres of fibroblasts both in the
) — — presence and the absence of a CH domain. Association of the three
- — | - hl construct$11/1-297 (A), 1-228 (B) and 131-297 (C), transiently
- -_— - transfected into REF 52 cells along F-actin stress fibres. Schematic
insets indicate calponin domains (see also Fig. 1). Small dots at the

amino-terminal ends of the insets symbolise the location of the
Fig. 4. Forced expression of CaP constructs. Western blot of whole epitope tag sequence. Note the stress fibre associationhh the
cell lysates from transiently transfected REF 52 cells probed with theonstruct lacking the entire CH domain (C). All anti-tag
HA-epitope tag-specific antibody 12CA5. antibody/GaM Cy2.
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[ CH

Fig. 6. Acidic andh2 CaP colocalise with
actin stress fibres in fibroblasts. Actin stress
fibre localisation of full-length human acidic
CaP (A,B), full-length mouse uterb CaP
(C,D) and the carboxy-terminally truncated
fragmenth2/1-262 (E). Deletion of the
carboxy-terminal sequenceshg CaP
increases stress fibre association for the latt]
construct. (F) HA-tag vector control;
(A,C,E,F) anti-tag antibody/GaM Cy 3;
(B,D) FITC-phalloidin. Schematic insets as
in Fig. 5. b - -au i

independent stable clones generated in NIH 3T3 cellDISCUSSION
Furthermore, a carboxy-terminal truncation of SM 22 (SM 1-

134) was found associated with vesicular structures (Figlo investigate the functional significance of two novel protein
7G,H). modules, namely the amino-terminal CH domain and the
Transient transfections of REF 52 cells with constructsarboxy-terminal 29-residue tandem repeats of calponin, we
including the amino terminus &fL CaP up to the end of the have compared the contribution of these domains to actin
CH domain resulted in accumulation of the tagged proteibinding. We have included SM 22 in this analysis since it
fragment in endosomal and Golgi-like structures (Fig. 8A)contains a single CH domain and one calponin-like carboxy-
Notably, the same result was obtained with a hybrid construterminal repeat (CLR), but lacks a consensus actin-binding
that contained two CH domains in tandem (Fig. 8B). Bymotif as found inhl and acidic CaP. Thus, SM 22 was a
contrast, a construct composed of the three carboxyl terminaliitable candidate for studying the targeting potential of the

tandem repeats alone readily associated with actin stress fib€sl domain in a non-calponin molecule in vitro.

(Fig. 8C), an association that was as if this motif was We have shown previously (North et al., 1994) that the

duplicated (Fig. 8D), indicating that the calponin repeats fornsmooth muscle variant of calponihlj associates with both
an autonomous actin binding domain. contractile {-smooth) and cytoskeletaB-cytoplasmi¢ actin
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isoforms present in chicken gizzard muscle. Sirfge our findings show that the matching domairhih CaP does
cytoplasmic actin is the main actin isoform expressed imot confer actin binding either in vitro or in cells in culture.
fibroblasts the observed binding of thd and h2 CaP  Compared to the actin binding motifstih and acidic CaP, the
constructs to the actin cytoskeleton in NIH 3T3 and REF 52omain inh2 CaP differs in six and four positions, respectively,
fibroblasts likely reflects an association with this non-muscl¢hree of which appear to be significant as regards actin binding
actin variant. activity. One of these residues, Lys156nhih CaP (Lys154 in
Although the sequence spanning residues 142-16B@aP the chickena-CaP sequence), is critical for actin binding
constitutes an active F-actin binding site and a peptidéGong et al., 1993) and another, Alal45, for conferring the
comprising this sequence can be cross-linked to and cahibitory activity of CaP on the actin-activated myosin
sediments with F-actin in vitro (Mezgueldi et al., 1992, 1995)ATPase (EL-Mezgueldi et al., 1996). Finally, the substitution

Fig. 7.The CH domain im2 CaP and SM 22
fails to mediate actin binding. Constructs
h2/1-186 (A,B) lacking two, ant2/1-161

(C,D) lacking all three carboxy-terminal
repeats, fail to colocalise with F-actin
structures in NIH 3T3 cells transfected with
the respective construct. Immunoreactive
material is detected throughout the cytoplasm
and also in the nucleus. A similar non-specific
cytoplasmic distribution is found for full-
length SM 22 (E,F). A carboxy-terminal
truncation of SM 22 containing only the
sequences corresponding to the CH domain in
SM 22 and comprising residues 1-134, but
missing the CaP-like repeat, is found
accumulated in vesicular structures
throughout the cytoplasm. (A,C,E,G)
12CA5/GaM Cy 3; (B,D,F,H) FITC-

phalloidin. Schematic insets as in Fig. 5.
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Fig. 8. The tandem repeats but not the single]
CH domains target to actin stress fibres.
Immunofluorescence micrographs of REF 52
cells transiently transfected with constructs
corresponding to the amino terminus (residues ¢ e ai > H )
1-127, A) or the tandem repeat domain
(residues 164-1273, C) bfl CaP. Neither the
single CH domain (A) nor a construct
containing thénl CaP CH domain in tandem
(B) associate with the actin cytoskeleton and
immunoreactive material is concentrated in
vesicular structures throughout the cell. By
contrast the isolated tandem repeats (B)
associate with the actin stress fibres, and thi
association is also retained in a duplication
construct (D) containing six of the calponin
repeats (see also Discussion). All anti-tag
antibody/GaM Cy 3. Schematic insets as in
Fig. 5.

of Arg151 to Asn removes a positive charge from this regiomnable to detect a direct association with F-actin for both full-
in h2 CaP. Our data are consistent with this regiorhan length SM 22 (not shown) and the construct SM 22/1-134 in
calponin being inactive in actin binding. in vitro co-sedimentation and cell transfection assays.
While calponin and calponin-related proteins contain d&urthermore, a construct containing two CH domains in
single CH domain, two adjacent domains of this type are founthndem, mimicking an artificial actin binding-site, similar to
in the actin binding domains afactinin, filamin, spectrin and that found ina-actinin and filamin, also failed to target stress
fimbrin (Castresana and Saraste, 1995; Matsudaira, 199%lbers in transfected REF 52 fibroblasts.
Pollard et al., 1994). From their X-ray crystal data, Carugo et Taken together, our results support the assumptions that (1
al. (1997) proposed that both CH domains of spectrithe presence of a single CH domain is not sufficient for the
contribute to F-actin binding and suggested that the juxtaposedsociation with actin stress fibres of calponin in vivo and/or
amino- and carboxy-terminal helices of these two domains pla§2) the significant divergence in sequence between the
a significant role in this interaction. The partial similarities inindividual CH domains of the different CH domain-containing
sequence and, more strikingly, in the predicted threeproteins reflect functional differences of this protein module
dimensional folding of the CH domains (McGough et al., 1994(T. Stradal, W. Kranewitter, S. J. Winder and M. Gimona,
Carugo et al., 1997; Goldsmith et al., 1997) with moleculesnanuscript in preparation). It is, however, conceivable that the
involved in Rac and Cdc 42 signaling, like IQGAP 1 and 2region embracing the CH domain in CaP and other single CH
and Vav (Castresana and Saraste, 1995; Romero and Fiscltennain-containing proteins cooperates with a second site in
1996), have now fueled speculations about a CH domainhin filament-binding. This is also suggested by density maps
mediated binding of these molecules to F-actin, thereby linkingf reconstituted thin filaments (Hodgkinson et al., 1997),
signal transduction events directly to the actin cytoskeletowhich show that the CH domain of CaP occupies a position
(Hart et al., 1996; Brill et al., 1996). Consistent with thisalong the actin filament identical to that observed for spectrin
general idea, Bashour et al. (1997) recently demonstrated &@chutt et al., 1997) and fimbrin (Hanein et al., 1997). In light
association of IQGAP 1 with microfilaments in lamellipodiaof our data one may therefore speculate that F-actin
and membrane ruffles, but not with stress fibres of culturedssociation via a CH domain requires cooperativity with either
cells, and Fukata et al. (1997) further confirmed the potentia?l second CH domain, a tandem-repeat domain, or other
of IQGAP 1 to cross-link F-actin in vitro. Like calponin, domains containing a polycationic stretch like those found in
however, these signalling molecules possess only one CPH domains (see Musacchio et al., 1993). Thus, CH domains
domain at their amino-terminal ends. Single CH domainsnay define a novel family of weak actin-binding modules,
likewise exist in the calponin-related proteins mp-20, np 25 andhich act synergistically with other modules to mediate F-
SM 22. Similar to the results obtained with constructdlof actin binding.
and h2 calponin containing only the CH domain, we were Although constructs ofil andh2 CaP containing only the
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amino-terminal part of the calponin molecule, embracing the differentially expressed during rat brain developméni. J. Neurosci8,

CH domain, failed to associate with F-actin, those that included ﬁ?o%-liga%ana K.. Ogoma, Y. and Kondo, Y.(1685). Interaction of
the carboxy-terminal tandem-repeat sequences retained thEHéaﬁpo'nin with phos{)hoﬁ’pidgf Biochem. (Tokyd)17, 999-1003.
actln-b_lndlng ability. Moreover, the interaction of the isolatedr i T "Hiromori, T.. Hamamoto, M. and Suzuki, T. (1997). Interaction
calponin tandem-repeat region spanning residues 164-273 0bf chicken gizzard smooth muscle calponin with brain microtubudles.
hl CaP with actin filaments identifies this region as a hitherto Biochem. (Tokyo)22 344-351.

unrecognised actin-binding domaintih CaP. This conclusion Fuéifwgﬂ-vKKUfm:ﬁg;S:Uik K'ki'ﬁﬁgﬁmlﬂa’Jn'asﬂi’}isu'sh“iﬂafuﬂ%g%’

IS further su.pported_by our findings that proteins like SM 22 Regula,tion ’of cross-link’ing (;f actinfilément by IQGAP1, a'targetfor Cdc42.
associate with F-actin in transfected fibroblasts when fused t0; gio|. chem272 29579-29583.

the calponin tandem-repeat motif (R. Mital and M. Gimonagukui, Y., Masuda, H., Takagi, M., Takahashi, K. and Kiyokane, K(1997).
manuscript in preparation). Notably, the product ofithe-87 The presence of h2-calponin in human keratinocyt®ermatol. Scil4,
gene from C. eleganshas no recognisable actin-binding iﬁf{;gg- M., Herzog, M. Vandekerckhove, J. and Small, 3. \(1990)
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